Background: Several reports have demonstrated a relationship between post-traumatic stress disorder (PTSD) and type 2 diabetes (T2DM) mainly in combat veterans. The relationship between PTSD and T2DM has not been evaluated among vulnerable migrant populations. The main objective of this study was therefore to assess the relationship between PTSD and T2DM among asylum seekers in the Netherlands. Methods: Analysis of a national electronic database of the Dutch Community Health Services for Asylum seekers aged !18 years (N = 105 180). Results: Asylum seekers with PTSD had a higher prevalence of T2DM compared with those without PTSD. The age-adjusted prevalence ratios (APR) were 1.40 (95% CI, 1.12-1.76) in men and 1.22 (95% CI, 0.95-1.56) in women compared with individuals without PTSD, respectively. There was an interaction between PTSD and comorbid depression (P < 0.05) in men and women, indicating that the effect of PTSD and comorbid depression on T2DM differed. When the analyses were stratified by depression status, among non-depressed group, individuals with PTSD had a higher prevalence of T2DM compared with those without PTSD [APR = 1.47 (95% CI, 1.15-1.87) in men and APR = 1.27 (95% CI, 0.97-1.66) in women]. Among the depressed individuals, however, there was no association between PTSD and T2DM [APR = 0.87 (95% CI, 0.43-1.76) in men, and APR = 1.00, (95% CI, 0.54-1.83) in women]. Conclusion: The findings suggest that history of PTSD is related to high levels of T2DM among asylum seekers independent of comorbid depression. Clinicians and policy makers need to take PTSD into account when assessing and treating diabetes among vulnerable migrant populations.
Introduction

M
igration from less to more affluent countries has been associated with increased incidence and prevalence of type 2 diabetes mellitus (T2DM). 1 The available data from several European countries suggest that T2DM rates are higher in ethnic minority and migrant groups than in Whites for reasons that are still not yet fully understood. [2] [3] [4] [5] To date, there are still no clear answers as to why T2DM is more common among some ethnic minority and migrant groups. Unhealthy behaviour following migration has been suggested as possible factor underlying the relatively high prevalence of T2DM among ethnic minority and migrant populations. [6] [7] [8] Given the difficulty in explaining ethnic inequalities in T2DM, it becomes imperative to examine other factors.
Recent studies have reported an increase in risk of diabetes associated with post-traumatic stress disorder (PTSD). [9] [10] [11] [12] Potential mechanisms linking depression and PTSD to diabetes might involve the stress response associated with these conditions contributing to inflammation and insulin resistance. 13, 14 Migrant populations particularly those seeking refuge (i.e. asylum seekers) are particularly prone to mental health disorders such as PTSD. 15 The increased vulnerability to poor or deteriorating health may be a result of experiences before, during or after arrival in the receiving country. [15] [16] [17] [18] Moreover, barriers to health care access in the receiving countries may also have a detrimental effect on the health of migrant populations. 19 Consequently, high rates of mental health disorders have been reported among those seeking refuge in Western countries. [20] [21] [22] [23] Although both PTSD and diabetes are highly prevalent among ethnic minority and migrant populations in Europe and North America, no study has yet assessed the relationship between PTSD and T2DM among vulnerable migrant populations from low-income countries such as asylum seekers. Furthermore, the analyses of the relationship between PTSD and T2DM in previous studies were based on self-reported data rather than physician-made diagnosis. The aim of this study was therefore to evaluate the relationship between PTSD and T2DM among asylum seekers in the Netherlands using a national database of asylum seekers. In addition, we assessed whether the association between PTSD and T2DM was independent of depression among asylum seekers.
Methods
Sample
Data for this study were obtained from the national electronic database of the Community Health Services for Asylum Seekers in the Netherlands. An 'asylum seeker' refers to a person who has applied for asylum and is awaiting a decision on their application. The Community Health Services for Asylum Seekers provides preventive care to asylum seekers as well as referral to health care providers throughout the Netherlands. Services for adults were provided by nurse practitioners and public health physicians in close collaboration with family practitioners. The total number of asylum seekers with complete data in the electronic database from 2000 to 2008 was 181 000. Of these, 105 180 (58%) were !18 years and were included for this analysis.
Diagnostic criteria
Asylum seekers were given a diagnosis of T2DM, PTSD and other health problems if during their stay at the reception facilities, the respective diagnoses were recorded in their medical notes by either a general practitioner or a specialist. All information on diagnoses was classified according to the International Classification of Primary Care (ICPC), which is compatible with both the International Classification of Diseases and the Diagnostic and Statistical Manual of Mental Disorders, fourth Edition (DSM-IV). 24 
Dependent variable
The ICPC diagnosis of T2DM requires an elevated glucose level (fasting plasma glucose levels of !7.0 mmol/l, a fasting capillary glucose level of !6.0 mmol/l, or non-fasting plasma or capillary glucose level of !11.0 mmol/l) that is confirmed using a fasting glucose level a few days later.
Independent variables
The diagnosis of PTSD and depression was based on the DSM-IV criteria. 25 PTSD refers to stress arising after exposure to a terrifying event in which grave physical harm occurred or was threatened. 25 Traumatic events that may activate PTSD include violent personal assaults such as rape, physical and sexual abuse, loss of family members, natural or human caused disasters, motor vehicle accidents and others. 25 According to ICPC the criteria for depressive disorder include at least three of the following six criteria in the absence of psychosis: (i) sadness or melancholy more than can be explained by psychosocial stress, (ii) suicidal thoughts or attempt, (iii) indecisiveness, decreased interest in usual activities or diminished ability to think, (iv) feelings of worthlessness, self-reproach, or inappropriate or excessive guilt, (v) early morning wakening, hypersomnia, or early morning fatigue, or (vi) anxiety, hyperirritability, or agitation.
Body mass index (BMI) was calculated as weight (kg) divided by height (m 2 ). Obesity was defined as BMI ! 30 kg/m 2 . Smoking status was categorized into current smoker and non-smoker. In addition to the presented health problems, data on the following demographic characteristics were available: gender, age, number of years lived in the Netherlands and country of origin. As our data were completely anonymized ethical approval was deemed unnecessary.
Data analysis
Baseline data were expressed as percentages. Chi-square tests were used to assess differences in categorical variables. Prevalence rate ratios and their 95% confidence intervals (95% CI) were estimated by means of Poisson regression with robust variance 26 to examine the association between PTSD and T2DM with adjustment for available individual factors that were associated with T2DM in the univariate analysis. All statistical analyses were performed using STATA 11 for Windows (Stata Corporation, College Station, TX, USA).
Results
Characteristics of the study population Table 1 shows the distribution of the study population by sex. Over 80% of the study population was <40 years of age. The largest group was from Middle-East and South West Asia. Smoking was less common, but obesity, T2DM, depression and PTSD were more common in women than in men. Table 2 shows the characteristics of the study groups by T2DM status. T2DM was more prevalent among the older age groups, those with longer length of stay and obese individuals in both men and women. People with PTSD were more likely than those without PTSD to have T2DM. There were no association between comorbid depression, smoking and T2DM in both men and women.
Relationship between PTSD, depression and T2DM Table 3 shows adjusted prevalence ratios and their corresponding 95% CI for T2DM by PTSD. People with PTSD were more likely than those without PTSD to have T2DM in both men [age-adjusted prevalence ratio (APR) = 1.40, 95% CI, 1.12-1.76] and women (APR = 1.22, 95% CI, 0.95-1.56). Further adjustments for length of stay, world region of origin and obesity attenuated the difference in women, but not in men. There was an interaction between PTSD and depression (P < 0.05), indicating that the effects of PTSD and depression on T2DM are independent of each other in both men and women. Given the interaction between PTSD and depression, we further stratified the analyses by depression status ( figure 1a and b) . Among non-depressed group, individuals with PTSD had higher prevalence ratios of T2DM than their non-PTSD counterparts: (APR = 1.47, CI, 95% 1.15-1.87 in men and APR = 1.27, 95% CI, 0.97-1.66 in women). However, among the depressed individuals, there was no association between PTSD and T2DM (APR = 0.87, 95% CI, 0.43-1.76) in men and APR = 1.00, 95% CI, 0.54-1.83 in women).
Discussion
In this study, we found that among migrants on asylum status in the Netherlands, those with PTSD have a higher prevalence of T2DM compared with those without PTSD. The association between PTSD and T2DM was stronger in those without comorbid depression compared with those with comorbid depression. To our knowledge, this is the first study to determine the relationship between PTSD and T2DM among asylum seekers. Previous studies understandably focused on military service men and women rather the general population. Similar to previous studies, our findings confirm those of other investigators who documented a strong positive relationship between PTSD and T2DM. A potential mechanism linking PTSD to T2DM may be via increased levels of stress that is often associated with PTSD 13,14 and asylum status.
9-11
15- 18 The effect of stress, which manifests as fluctuations in blood glucose levels, is triggered primarily by the normal physiological activities in humans. 13 Stress induced by a sense of loss of control can result in the activation of the hypothalamo pituitary adrenal (HPA) axis that results in the increase of glucocorticoids, most notably, cortisol, whose prolonged activation results in insulin-resistance and immunosuppression. 27 For example, Björntorp et al. 28 postulated that stressful experiences lead to activations of the HPA axis with resultant excess cortisol production, which in turn leads to metabolic abnormalities including abdominal adiposity, insulin resistance, and diabetes. Although we did not assess cortisol production or stress levels in our study, there is ample evidence documenting the high levels of stress in asylum seekers and other immigrant populations. [16] [17] [18] Migration, even when voluntary has been associated with stress-attributable in part, to the social, economic and political marginalization of immigrants and refugees. 29 Resettlement in a new environment poses major challenges to new immigrants for them to adapt to new values, language, financial strain, changes in economic and gender roles. [20] [21] [22] [23] This process of acculturative stress is mediated by the ability of the migrants to harness individual, cultural and material resources to resist the strain of adaptation and integration. 29 The relationship between PTSD and T2DM was stronger in men than in women. The explanation for this is unclear, but may relate to differences in biologic responses in PTSD and T2DM. 30 Unhealthy lifestyles such as sedentary behaviour, smoking and poor dietary habits may also contribute to the high rate of diabetes found in individuals with PTSD. For example, PTSD has been linked to an increased rate of smoking, 31 which in turn is associated with increased risk of diabetes. 32 Additionally, there is evidence of a possible link between PTSD, physical inactivity and poor dietary habits. 33, 34 In Assis et al.'s study, substantial reduction in physical activity was observed after the onset of PTSD among adults in Brazil. 33 Vulnerable migrant populations may be particularly prone to unhealthy lifestyle due to adaptation to new and often harsh social conditions in their new environment. 35 The strong relationship between PTSD and T2DM suggests that the increased prevalence of T2DM noted in migrant populations may be influenced, at least in part, by psychological factors, and interventions aimed at stress coping strategies may lead to better glycaemic control. 36 Stress management improves long-term glycemic control in T2DM patients. 36, 37 These findings clearly suggest the need to take history of PTSD into account when assessing and treating migrant populations or asylum seekers for diabetes especially among those aged !40 years who are at high risk of T2DM. The prevalence rate found among those aged !40 years far exceeded those reported among the White-Dutch population and several ethnic minority groups in the Netherlands, 3, 38, 39 and highlights the urgent need for public health interventions among this disadvantage population.
The lack of association between depression and T2DM is consistent with current reports, 9,10 but contrasts earlier reports. 11 The studies by Goodwin et al. 9 and Boyko et al. 10 found positive association between PTSD and T2DM, but failed to demonstrate any relationship between depression and T2DM. In contrast, a meta-analysis of observational studies found a higher risk of diabetes associated with depression. 11 Explanation for the discrepancy between earlier studies and recent studies are unclear. Nevertheless, previous studies did not take into account the presence of PTSD in their analyses. 11 It is likely that depression may serve as a proxy marker for PTSD and possibly not be otherwise independently related to diabetes. 10 The main strength of our study is the large sample size of our study population. In addition, our data were based on the whole of the Netherlands and therefore included all individuals that applied for asylum in the period 2000-08. Furthermore, there are important similarities between populations seeking asylum in different European countries, and therefore the results can be extrapolated to other European countries. Limitations of our study include its cross-sectional nature, which makes causal inference impossible. Also, our data were based on ICPC-code taken from the electronic medical records. This means that our results depend largely on the quality and the reliability of registration by health professionals. Furthermore, the dataset lacked information on other important factors such as dietary habits and physical activity levels and health status of asylum seekers prior to migration, socioeconomic status and the length of stay at the time diabetes was developed, which may contribute to the observed differences.
2,3,40,41 Despite these limitations, our current study provides important information on the relationship between two important risk factors, PTSD and diabetes, in a vulnerable population of asylum seekers.
In conclusion, our findings suggest that history of PTSD is related to high levels of diabetes among asylum seekers independent of comorbid depression. Clinicians and policy makers need to take PTSD into account when assessing and treating diabetes among vulnerable migrant populations. Taking measures to improve stress coping strategies may help with glycemic control among these populations. 
Key points
Our findings suggest that asylum seekers with PTSD have a greater odds of been diagnosed with diabetes compared with those without PTSD. The association between PTSD and diabetes was stronger in those without comorbid depression compared with those with comorbid depression. Clinicians and policy makers need to take PTSD into account when assessing and treating diabetes among vulnerable migrant populations. Taking measures to improve stress coping strategies may help with glycemic control among these populations.
